Abstract-Image segmentation is a fundamental technique of image processing and is based on extraction of fragments. This paper presents a discrete-time oscillator network for extracting fragments from a 2D gray-scale image. The proposed network is consists of globally coupled phase oscillators based on discretization of the Kuramoto oscillator model that describes an ordinary differential equation. Extraction of image fragments is achieved by synchronizing oscillators. We demonstrated that the proposed oscillator network generated appropriate fragments under certain parameter values for given images.
I. INTRODUCTION
Image segmentation is a fundamental technique of image processing and is still an interesting problem [1] , [2] . We previously proposed a discrete-time oscillator network [3] - [6] for dynamic image segmentation that is defined as to segment an image and exhibit segmented images in a time series. In principle, the oscillator network is available to extract image regions consisting of pixels with a similar gray level from a 2D gray-scale image, where we call such an image region a fragment. However, it needs huge memory capacity to make such process because the structure of oscillators is complex.
In this paper, to reduce computational costs in image extraction process, we present a discrete-time network with globally coupled phase oscillators. Unlike the previous oscillator model [3] - [6] , the structure of the proposed oscillator based on discretization of the Kuramoto oscillator model [7] - [9] is simple. Specifically, an oscillator has a variable and a few parameters besides no complex function.
We describe the dynamics of the proposed oscillator network and verify whether it works well through some numerical experiments for given 2D gray-scale images.
II. SYSTEM DESCRIPTION
We now consider extracting image regions from a 2D gray-scale image. The proposed network consists of N discrete-time oscillators arranged in a 2D grid so that each one corresponds to a pixel in an N-pixel input image. In addition, any oscillator connects to all the oscillators. A discrete-time oscillator is derived from discretization of Kuramoto oscillator model that describes an ordinary differential equation. Unlike another discrete-time oscillator we previously proposed [3] - [6] , its architecture is simple. The dynamics of the ith discrete-time oscillator is defined by
In (1), t is the discrete time and x i Î [0, 2) expresses the phase of the ith oscillator. The initial value of x i is set according to the gray level of the ith pixel. w, K, and M are parameters corresponding to the angular velocity, the coupling strength, and the harmonic frequency of coupling. When we set them to adequate values, oscillators corresponding to pixels with a similar gray level will be synchronized in phase and oscillators with dissimilar pixels will be synchronized in a different phase.
Extracting fragments is achieved by synchronizing all oscillators. Fragments mean not only image regions consisting of identical gray-level pixels but also their combinations. For example, Figs. 1(b) -(f) show fragments that are outputs from our network for the image having four image regions in Fig. 1(a) . Figs. 1(b)-1(f) , the high gray-level regions correspond to oscillators excited at certain times. We here define that the ith oscillator is excited when the value of x i is within a certain value. Specifically, we set to sin(x i (t)) > 0.995. 
III. EXPERIMENTAL RESULTS
We set the parameter values in (1) to w i = 0.1 (i = 1, 2, …, N) and K = 0.1. The value of M is defined below. The initial values of x i s were set to the gray-level normalized between 0 and .
First, we treated the gray-scale image with 10 by 10 pixels shown in Fig. 2(a) . When we set to M = 6, we obtained the responses of oscillators in Fig. 2(b) . The phases of 100 oscillators dispersed at the initial time were synchronized in Discrete-Time Oscillator Network for Extracting Image Fragments four phases at around t = 20. Figure 2(c) shows output images generated from the responses of oscillators. Here, white pixels corresponding to excited oscillators, i.e., only when the value of x i (t) nearly equals to , the color of the ith pixel becomes white.
As the results, we obtained four fragments that are output images at t = 49, 60, 70, and 81 in shown in Fig. 2(c) . From the fact that any fragment consists of pixels with a similar gray level, the proposed oscillator network worked well as an extraction system of fragments. Next, we also applied our oscillator network with M = 5 to another gray-scale image with 70 by 70 pixels shown in Fig.  3(a) . This image has blood vessels grown in every direction. In addition, the gray levels of blood vessels are substantially changed in certain regions. Therefore, to extract correct blood vessels by a region-growing method [2] is quite difficult.
In Fig. 3(b) , the 4,900 oscillators were rapidly synchronized in three phases. From output images exhibited in time series using the responses of oscillators, we were able to find three fragments shown in Fig. 3(c) . These correspond to image regions of the blood vessels, the heart, and the background, approximately. Therefore, our approach using the discrete-time oscillator network was able to extract complex fragments well. 
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IV. CONCLUSION
We proposed a discrete-time phase oscillator network with global couplings for extracting fragments from a 2D gray-scale image. We demonstrated that the proposed oscillator network generated fragments well for given images when system parameters were set to certain values.
